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Description 

HELD OF THE INVENTTQN 

The present invefition relates to morwdonal antibodies to human interferon-p2 {IFN-p2), to hyt)ridoma cell Ones 
producing said monoclonal antibodies and to a method for purification of interferon-^ employing said monodonaJ anti- 
bodies. 

BACKGROUND OF THE INVENTION 

Human interferon-{V2 was first described and cloned from double-stranded RNA-induced human f broblasts as a p- 
type interferon-like activity in U.K. Patent 2063882 of fifing date 19.11.80 and the recombinant protein expressed by 
CHO cells was described in European Patent Application 220,574 of 10.10.86. both of the same applicant. 

This cytokine has multiple functions and activities and rt has been shown to be identical to several proteins 
described later on in the literature and identified by other biological activities, namely B-cell differentiation or stimulatory 
factor (BCDF or BSF-2), also named interteukin-6 (IL-6) (T Hirano et al. (1986) Nature 324. PP^ 73-76). hybridoma/plas- 
macytoma growth factor (HGF or HPGF) (J. Van Damme et al. (1987) J.Exp.Med. 1£§, pp. 914-919). hepatocyte stim- 
ulatory factor (HSF) (J. GaukSe et al. (1987) Proc.Natf.Acad.Sd.U.S.A. S£ pp. 7251-7255). 26-kDa protein inducWe in 
human fJxoblast cells (Haegeman et al. (1986) Eur.J.Biochem. 15§. pp. 625-632). and a monocyte^erived human B- 
cell growtii factor tiiat stimulates growth of Epstein-Ban- Virus (EBV)-transfbrmed human B-cells (G. Tosato et al. (1 988) 
Science 23a PP- 502-504). The protein will be designated hereinafter in this application as IFN-P2/IL-6 or IFN-p2, 

Natural and recombinant IFN-P2 produced by mammalian, eg. CHO cells appear in several forms modified by var- 
ious glycosyiation and phosphorylation processes (A, Zilberstein et al. (1986) EMBO J. 5, pp. 2529-2537; LT. May et 
al. (1988) J.Bid.Chem, 263, PP. 7760-7768; LT May et al. (1988) Biophys.Biochem.Res.Commun. 152. pp. 1144- 
1 148). Thus immunotalots of denaturating gels may show bands of about 23. 26. 45 and 66 Kd fomis. The removal of 
the carbohydrate moiety of the glycosylated protein yields a smaller fomfi of about 20 Kd which still retains most or all 
of its biological activity. 

SUMMARY OF THE INVEMTIQN 

According to tiie present invention, there is provided a monoclonal antibody capable of specif ically binding to nat- 
ural human interferon-p2 (IFN-P2) as well as to recombinant human IFN-p2 expressed by mammalian cells and recom- 
binant human IFN-p2 expressed by bacterial cefls. capable of inhtoiting the bkJtogical activity of human IFN-p2 when 
bound thereto, and capable of releasing IFN-p2 bound thereto upon elution with 50 mM dtric add. 

In a preferred embodiment tiie monodonal antaxxSy according to the present invention is of class IgGI . It is pre- 
ferred that the monoclonal anttoody is produced by a hybridoma cefl obtained by fusion of myeloma cells with spleen 
cells from a mouse previousfy imnxjnized with recombinant human IFN-p2 expressed by bacterial ceils or with a recom- 
binant fusion protein including human IFN-p2 expressed by bacterial cells, said hybridoma cell being selected for the 
production of a monoclonal antibody which binds to recombinant human IFN-(J2 expressed by mammalian cells. Pref- 
erably, myeloma cells are muine myeloma cells and ttie spleen cells are from a mouse immunized with a recombinant 
fusion protein including human IFN-p2. WHh respect to the fusion protein, a prefen-ed example is a fusion protein com- 
preing protein A-IFN-p^ In a most preferred embodiment the nxxrodonal antibody is expressible by hybridoma ceil line 
CNCM 1-813 {HB2 34-1). 

The present invention also provides a hytxidoma cell capable of expressing the monodonal antibody. Preferataly, 
said hybridoma cell is obtained by fusion of myeloma cells witti spleen celts from a mouse previously immunized with 
recombinant human IFN-p2 expressed by bacterial cells or with a recombinant fusion protein induding human IFN-p2 
expressed by bacterial cells, said hybridoma cell being selected for the production of a monoclonal antibody which 
binds to recombinant human IFN-P2 expressed by mammalian cells. In a prefen^ embodiment, the myeloma cells are 
murine nyeloma ceils and the spleen cells are derived from a mouse previously immunized with a recombinant fusion 
protein induding human IFN fiZ In a prefen-ed embodiment the fusion protein is protein A-IFN-p2. An example of such 
a hybridonDacell is CNCM 1-813 (Na34-1). 

The monodonal antibody according to the present invention can be produced by a method which comprises:- 

(a) immunizing mice with human IFN-p2 or witii a fusion protein comprising human IFN-(J2, wherein the source of 
said IFN-P2 or fusion protein ts one of the sources selected from the grotp consisting of natural protein, recom- 
binant protein produced in bacterial cells, and recombinant protein produced in mammalian cells; 

(b) fusing the spleen cells from said mice with murine myelonrw ceils in the presence of a suitable fusion promoter: 
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(c) testing the supernatant of the cuttured fused cells tor the presence of the desired monoctonai antibodies with 
human IFN-p2 from a different one of said sources than that of the IFN-p2 used in step (a) atjove; and 

(d) selecting and doning the hytyidoma ceil line producing the desired monoclonal antibodies, and either (!) cuitur- 
5 ing the selected hybridoma ceil line in a suitable growth mediiffn and recovering the desired monoclonal antibodies 

from the supernatant, or (ii) injecting the selected hybridoma cell line into mice and recovering the desired mono- 
clonal antixxlies from the ascitic fluid of said mice. 

In a prefen-ed embodiment in step (a) the mice are immunized with recon*inant human IFN-p2 expressed by bac- 
10 terial cells or with a recombinant fusion protein including human IFN-p2 expressed by bacterial cells and the hybridonra 
supematants of step (c) are tested with recombinant hunwn IFN-P2 expressed by mammalian ceils. In the most pre 
ferred errtxxliment. in step (a) the mice are immunized with Protein A-IFN-p2 expressed by E.coli and the hybridoma 
supematants of step (c) are tested with IFN-p2 expressed by CHO cells. 

Also within the scope of the present invention is a method for producing anti-IFN-p2 nwnodonai antibodies which 
75 con^rise 

(a) culturing hybridonrta CNCM 1-813 in a sutable growth medium and recovering the monoclonal antflxxJies from 
the supernatant of said hybridoma. 

or 

20 

(b) injecting hybridoma CNCM 1-813 in a mouse and recovering the monoclonal antibodies from the ascitic fluid of 
said mouse. 

Furthermore, the present invention comprises a method for inrmrunopurif ication of human biologically active IFN-p2 
25 comprising passing a sample containing human IFN-p2 through an immunoacteorbent colurm comprising a monoclonal 
antibody in accordance with daim 1 bound to a solid phase support, washing the column, and eluting IFN-p2 from the 
column. 

BRIEF PESCFHPHON OFTng PRAW1NGS 

30 

- Figure 1 shows the nudeotide sequence and the amino add sequence of IFN-P2. 

- Rgure 2 shows the construction of plasmid pSVPsHB. 

- Figure 3 shows the construction of plasmids pm^^BOZ and pRiP2604. 

- Figure 4 illustrates the ar»iysis of IFN-P2 preparations by Western blotting. 
35 - Figure 5 shows silver stain analysts of SDS-PAGE of IFN-p2 eluted fractions. 

Figure 6 shows the construction of plasmid pSVp^SS. 

- Figure 7 shows the HGF activity of unbound fractions contaireng IFN-p2 produced by CHO done A2-5-10 after 
affinity chromatography with monodonal antibody 34-1 . 

- Figure 8 shows the HGF activity of elution fractions containing IFN-p2 produced by CHO clone A2-5-1 0 after affinity 
40 chromatography with monodonal antibody 34-1 . 

- Figure 9 illustrates the construction of plasmids pTLP2501 and pKKp27. 

Figure 1 0 shows silver stain analysis of SDS-PAGE of E. coli IFN-P2 after immunoaff inity purification and diroma- 
tography with S-Sepharose. 

- Figure 1 1 shows inhtoftion of breast carcinoma cell line T47D colony formation by E. coli IFN-p2. 

45 - Figure 12 shows results of breast cardnoma T47D and MCF-7 cells donogenic assay with E. coii IFN-p2. 

- Figure 13 shows differentiation of myeloleukemic Ml cells induced by E. coli IFN-p2. 

- Figure 14 shows growth and (2-51 Oligo A synthetase induction in myeloleukemic Ml cells treated by IFN-p2 (in 
HGF units/ml). 

- Figure 15 shows effect of IFN-p2 on growth of hematopoietic colonies from normal human bone marrow. 

50 

DETAILED DESCRIPTION OF THE INVENTION 

The anti-lFN-p2 monodonal antibodies of the invention are produced from a hybridonra cell line obtained by fusion 
of murine myeloma cells with spieen cells from a mouse previously immunized with lFN-p2 or with a fusion protein com- 
55 prising lFN-p2. e.g. Protein A-IFN-p2 fusion protein. 

A plasmid for the expression in E. coii of a Protein A-IFN-p2 fusion protein can be constructed and used for obtain- 
ing monoclonal antibodies. The corrplete translated sequence of the cDNA coding for human IFN-p2 of Fig. 1 was 
fused, in phase, to th 3' end of the coding sequence for tfie staphylococcal Protein A affinity tail (Uhlen et al. (1984) 
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J.Bioi.Chem. 259. p. 1695). For efficient expression in E. coli the hybrid gene was fused to th strong lambda Ppi pro- 
moter. 

The resulting Protein A-IFN-p2 fusion protein was purified and used to immunize mice. After six injections of the 
purified protein into mice, positive sera were tested for their binding titer in a sofid phase radio-immunoassay (SRIA) and 

5 tor the spedficit/ of binding by Western Uots. Spleen cells derived from a mouse showing the highest binding titer (dilu* 
tion 1 :25.000) were fused to mouse myeloma cells. The fusion of the cells is done In the presence of a suitable fusion 
promoter of those known in the art The fused cells are then cultured In separate wells. The supernatant of each well is 
then tested for the presence of the desired monodonai antbody capable of specif Icaily binding to IFN-p2. preferably 
with IFN-p2 from a different source than the IFN-p2 used for the immunization of the mice. Thus, if a Protein A-IFN-p2 

10 fusion protein expressed by E. coli cells is used to immunize the mice, then the saeening of the monodonai antibodies 
is performed with IFN-p2 produced by CHO cells- This prevents cross-reaction of the Protein A and of any E,.CQli con- 
taminants in the antigen preparations used fa injection with some of the monoclonal antitxxiies during the screening. 
For the SRIA, crude supematants of CHO ceils. hariDoring a plasmid containing the human IFN-02 gene under the con- 
trol of the SV40 early promoter and expressing high levels of this gene but no Protein A or any bacterial antigen, were 

15 bound to a solid support and reacted with supernatants of the hybridomas and with [^^^1] goat antimouse antitxxjies. 
The hybridomas were screened by the SRIA and several positive dones were isolated and characterized. The pos- 
itive dones produdng the desired antibodies are then selected and sufc)doned and either cultured in a suitable growth 
medium or injected into mice, and the desired monodonai antibodies are then recovered from the supernatarrt of the 
cultured cells or from the ascitic fluid of said mice, respectively. 

20 The nrx)noclonal antibody obtained is bound to a solid phase support contained within a column. Any suitat3le gel 
matrix known in the art may be used to immobilize the monodonai antibody e.g. agaroseixslyacrylhydrazkje. Crude 
preparations of human IFN-p2 preparations are loaded on the column and IFN-p2 is eluted from the gel by a change in 
pH or ionic strength. In a preferred embodiment, the fractions containing IFN-p2 are eluted with a buffer pH 2 and neu- 
tralized immediately after elution with a buffer pH 8.5. 

25 The crude natural IFN-p2 preparations purified according to the invention are obtained from induced f (brot}last cells 
together with IFN-pi. 

The recombinant lFN-p2 produced by CHO cells to be purified is obtained according to the process described in A. 
Zilberstein et al. (1986) EMBO J. 5. Pp. 2529-2537. 

An unglycosylated polypeptide comprising the anino add sequence of IFN-^ can be obtained by recombinant 

30 DNA techniques. Human DNA. particularly cONA coding for a polypeptide comprising the amino acid sequerKe for IFN- 
^2. is fused through the coding region to a strong bacterial promoter, such as hytnid tryp-lac promoter, and this fused 
DNA molecule is inserted into a suitable piasnrod so as to obtain a recombinant vector comprising said DNA sequence 
and regulatory regions which are positioned in such a way that expressk>n of said polypeptxje in bacterial cells is pos- 
sible. Bacterial cells, e.g. E. coli. are transfonmed by said recombinant plasmtds and cultured in order to express the 

35 desired polypeptide, which is sut^sequerrtly recovered and purified. 

The IFN-P2 molecule as descrftsed is a polypeptide comprising 212 amino adds. At the N-terminus of the protein 
may be found the sequences Ala^^-Pro-Val-Pro-Pro- or -Pno^-Val-Pro-Pro- or -Val^-Pro-Pro- of Fig. 1 . IFN-p2 cDNA 
can be fused at the Pro^ codon to a Met initiator condon and a tryp-lac promoter. Other sequences can be used as 
long as the polypeptide has IFN-p2/!L-6 activity. 

40 DNA vectors can be constructed by standard procedures. PlasmkJ DNAs were purified by banding in CsCI-ethidium 
bromide gradients. DNA restriction fragments separated by electrophoresis in agarose or pdyacrylamide gels were 
purified on DE-52 columns. Restriction endonudeases (Boehringer. New England Biolabs). 14 DNA iigase (New Eng- 
land Biolabs). the large fragment of E. coli DNA polymerase (Boehringer) and T4 polynudeotide kinase (Pharmada). 
were used as recommerxjed by the suppliers. E. coli transtormation was carried out with frozen competent t)acteria 

45 (D.A. Monison (1979) Methods Enzymd, 79, pp. 326-331) using strains HB101 ATCC 33694. JM101 ATCC 33876. 
N4a30-1 (Gootesman et al. (1980) J.Mol.Biol. 140, p. 57) and JM105 (Messing et al. (1981) Nudeic Adds Res. 2, pp. 
309-321). 

The hematopoietic effect of IFN-92 is disclosed herein, as well as its use in the Inhibition of breast cardnoma cell 
growth, in the growth inhbition and differentiation of myeldeukemic cells and in the induction of Complement Factor 6 
50 in ftorobiasts. Thus human IFN-p2 can be used as active ingredient of pharmaceutical compositions for the treatment 
of breast cancer, leukemia, irrfectious diseases and bone marrow progenitor cell cfisorders. 

The inverttion will now be illustrated t^y examples, without delimiting its scope. Where examples do not relate to 
subject matter claimed, these are provided for information purposes. 

55 
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Example 1. Preparatfon of Protein A-IFN*p2 fusion protein 

A) Constmction of olasmids oRIB^BPg and DRIB26O4 

5 Plasmid pSVfeHB (Fig. 2) is one of the vectors used for oonstrtutive eo^ession of the IFN-p2 gene in CHO cetts 
under the strong SV40 early promoter and is derived from plasmid pSVCIFP2 (A. Zilberstein et al. (1986) EMBO J. 5i 
pp. 2529-2537) by removing alt the 7 and 3* non-coding sequences of the cONA by standard dontng techniques. 

The 661 bp cONA insert coding for IFN-p2 was excised from plasmid PSVP2HB as a 661 bp Hind IliyCla I fragment 
and digested with Eco RII. The resulting five fragments were separated on a preparative agarose gel. The three small 

10 fragments of 55, 1 2 and 37 bp coding for the signal peptide sequence and for the first three amino acids of the mature 
protein were discarded and the two fragments of 239 and 318 bp were recovered from the gel. In order to restore the 
sequence coding for the first amino acids and to ma^itain the Protein A frame, a double stranded synthetic oligonucle- 
otide was prepared (sequence shown in Figure 3) and ligated together with the 239 bp and 31 8 bp fragmems into plas- 
mid pGEM-1 previously digested with Eco Rl and Aoc I. The resulting plasmid was called PP2I32 (Fig. 3) and contains 

15 the whole iFN-p2 sequence preceded by an asparagine and a serine codon within the multiple doning site of plasmid 
pGEM-1 . The asparagine and serine codons are the two codons at the unique Eco Rl site (at the 3' end of the Protein 
A gene) of plasmid pRIT2T (Pharmada) that was used for subsequem doning. Plasmid pp2l32 was digested with Eco 
Rl and Hind 111 and the complete IFN-p2 cONA sequence was isolated and introduced into plasmid pRlT2T digested 
either with Eco Rl and Pvu II or with Eco Rl and Sma I restriction endonudeases for the obtention of the plasmids 

20 PRIP28O2 and PRIP26O4. respectively (Rg. 3). 

B) Production of Protein A-IFN-B2 fusion protein and its purification 

Strain E. coli N4830-1 (Gootesman et al. (1 980) J.Mol.Biol. 140. p. 57) was transformed with recombinant plasmids 
25 PRIP28O2 and pRiP2604 giving origin to new microorganisms E. call N4830-1A5RP2802 and E. coli N4830-1/pRP2604, 
respectively 

Diluted cell cultures of the microorganisms were grown overnight at 30*C in M9 medium containing arrpicillin to 
early stationary phase, then incubated at 42^0 for 90 minutes, cooled and han/ested by centrifugation. After repeated 
resuspension and cerrtrifugation. 20% SDS was added to a final concentration of 1% and 10M urea to a final concen- 
30 tration of 8M. and the extract containing the expressed Protein A-IFN-P2 fusion protein was dialyzed against TST (50 
mM Tris pH 7.6. 150 mM NaCI and 0.05% Tween 20). The clear supernatant after dialysis was applied to the IgG 
Sepharose 6 Fast Row (FF) equilibrated column. After loading on the column the gel was washed and the bound fusion 
protein was eluted with 0.5 M NH^COOH. pH 3.4 and tyophilized directly without prior dialysis. 

35 Example 2. Preparation of anti-IFN-p2 monoclonal antibodies 

A) Immunization of mice and cell fusion 

Three-month old female Balb/c mice were first injected with the partially purified Protein A - IFN-p2 fusion protein 
40 obtained in Example 1 above ( 1 0^g/mouse. emulsified in conplete Freund's adjuvant) . Three weeks later the mice were 
given a subcutaneous boost with the fusion protein in solution. Four additional injections were given at 10 days irrter- 
vals. The mouse showing the highest binding titer (Table 1) arxj the strongest signal in Western blot analysis received 
an intra- peritoneal injection of the fusion protein anti three days later its splenic lymphocytes (150 x 10^ celts) were 
fused with 30 x 1 0^ NSO/1 myeloma cell lina The fused cells were distributed into microculture plates (3x10^ cells/well) 
45 and selected tor hybridoma grcwth. Hybridomas that were found to secrete anti-IFN-p2 antibodies were clones and 
redoned by the limiting dilution techr^que. 

B) Screening for anti-IFN-62 monoclonal antibodv-orodudno specific hybridomas 

so Hybridoma supernatants were tested for the presence of anti-lFN-p2 arrtibodies a solid phase radioimmu- 
noassay (SRIA). PVC microtrter plates (Oynatech Laboratories, Alexandria, VA) were coated with a crude, serum-free 
supernatant of CHO cells secreting IFN-p2 (80Mg/weii). Following an incubation of 2 hrs at ZT'C or 16 hrs at 4°C the 
plates were washed twice with PBS containing BSA (0.5%) and Tween 20 (0.05%) and blocked in washing solution for 
2 hrs at 37*'C. Hybridoma culture supernatants (50 pg/well) were added and the plates were incubated for 4 hrs at 37**C. 

55 The plates were then washed ttiree times with the washing solution and ^^^l-goat anti-mouse (Fab')2 (50^1, 10^ cpm) 
was added for further incubation of 16 hrs at 4'C. The plates were washed 4 times and individual wells were cut and 
counted in a gamma counter. Sarrples giving counts that were at least four times higher than th negative control value 
were considered positive (Tab 1 ). 



5 



EP 0326 120 B1 



Table 1 



Saeening of hybridomas by SRIA 



Sampl 


dilution 


cpm 


Immune seaim (mouse) 


1:4000 


2800 


negative control (mouse) 


1:4000 


100 


Hybridoma 


12 




4000 




12 


1:125 


300 




27 




1100 




28 




2200 




34 




6200 




34-1 


12500 


1000 




38 




2600 




48 




1500 




102 




1200 




117 




1400 




123 




1100 




125 




1600 




132 




5400 




136 




2700 




154 




1500 




157 




2400 


negative hybridoma 




200 


Asdtc fluid 




1:62,000 


1400 


Ascitc fluid negative 


1:12.000 


300 



As can be seen from Table 1 , fourteen anti-IFN-p2 hybridomas were selected using the SRIA. Hybridoma No. 34- 
40 1 , sub-Cloned from hybridoma 34. was further characterized and was found to belong to IgGi class. Hybridoma 34-1 
was deposited with the Collection Rationale des Cultures de Microorganismes - CNCM. Institute Pasteur. Paris, on 
1 4. 1 1 ,88. It was accorded Na 1-813. 

Hybridoma 34-1 was found surtstie tor Westem blotting and for affinity purification of natural and recombinant IFN- 
P2 expressed both by EJ^^fi and by CHO cells. It was used in the following experiments. 

45 

Example 3, Appljcattons off the antt- IFN-fi2 monodonal antibodies 
A^ Western blotting 

so Samples of crude preparations of either natural or recombinant IFN-p2 expressed by CHO and E. coli cells were 
analyzed by SOS-PAGE under reducing conditions and electrofalotted onto nitrocellulose sheets (BA85. Schleicher and 
Shuell). f=6llowjng electroblotting the sheet was incubated overnight with a blocking buffer (5% non-fat niBc in PBS con- 
taining 0.05% Tween 20 and 0.02% socfium azide) and then tor 2 hrs at room tenperature with the anti-IFN-p2 antibody 
No. 34-1 . Following washing in 0.05% Tween 20 in PBS. the nitrocellulose was incut^ated for 3 hrs at room tenrperature 

55 with ^2^1-goat anti-mouse serum (0.7 x 1 0^ cpm/nri in the blocking buffer). The sheet was then washed, dried and auto- 
radiographed. The results are shown in Rg. 4: Lan A: natural IFN-p2; Lane B: recombinant IFN-p2 of CHO ceib; Lane 
C: recombinant IFN-p2 of E. coli cells: Lane D: recombinant IFN-pi of CHO cells (conparison). 
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B) Aff initv chromatoaraohv of IFN-B2 Dreparationg 

Ascitic fluids of mice ccxrtaining monodonal antftxxSes seaeted by hybridoma 34-1 were precipitated with ammo- 
nium sulfate (50% saturation) 16 hre at 4*C. The precipitate was collected by centrifugatioa redisoived in water and dia- 
lysed against saline. About 10 mg of imnrwnogiobulins were bound to 1 ml agarose-polyacryl-hydrazide according to 
Wilcheck and Miron ((1974) Methods Enzym. 21 p.72). Crude preparations of either natural (fibroblast) or recombinant 
(E. cdi or CHO) IFN-p2 (containing 0.5 M NaCI) wer loaded at 4''C at a flow rate of 0.25 ml/min. The column was 
washed with 30 column volumes of 0.5 M NaO in PBS. IFN-p2 was ekited by 50 mM citric add buffer. pH 2 (8 x 1 col- 
umn volume fractions) and immediately neutralized by 0.1 M Hepes Ixjffer. pH 8.5. 

Crude recorrtiinant IFN-p2 ( E. coii extract depleted from ONA) was loaded onl ml of the anti-IFN-p2 column. Puri- 
fication of 1000 fold was achieved in one step, and the recovery of IFN-p2 was 100% (Table 2). The procedure was 
scaled by using 8 rri affinity column. The capacity of the column was 400 jig pure IFN-p2 per 1 ml of column. Sliver stain 
analysis of SDS-PAGE of the eluted fractions revealed a major band of a M.W. of 21 .000 and some minor contaminants 
of a higher M.W. (Fig. 5). When crude recombinant IFN-p2 (CHO) was loaded on 1 ml affinity column, purification was 
achieved in one step with a recovery of 100%. Silver stain analysis of SDS-PAGE of the eluted fractions revealed two 
major bands of 23 kDa and 28 kOa. both belonging to the glycosylated forms of IFN-p2 (Fig. 5). The same bands were 
obtained when natural IFN-p2 (foreskin fibroblasts) was imntunoaffinity purified. 



Table 2 



Source of IFN-P2 


Sample 


HGF units/ml x 
10-^ 


Protconc. mg/ml 


Specact 
units/mg 


Puril fold 


Recovery % 


E. coli 


toad 


1.4 


4.1 


3400 








efluent 


0.54 


4.1 


1300 








eluate 


25 


0.09 


3.6x10^ 


1060 


100 


CHO 


load 
efluent 


0.2 
0.06 












eluate 


2.7 


0.14 


0.2x10^ 




100 


Foreskin fibrob- 


toad 


0.014 


1.46 


95 






last 


efluent 


0.014 












eluate 


0.014 


0.008 


17x10* 


180 


100 



Example 4, Itfte nitorinQ of IFN-B2 produced bv CHO cells 

IFN-P2 produced and secreted in one liter of culture medium by CHO dones was quantitated using monoclonal 
antibody 34-1 for purification by immunoaffinity. 

Clone A2-5-10 is a CHO done obtained by transfection of CHO cells with plasmto pSVfc29 (Rg. 6) and selection 
with 50 nM methotrexate (MTX). 

Plasmid pSVP229 was obtained as follows: a DNA fragment containing the sequence coding for IFN-p2 fused to the 
early promoter of SV40 and to the SV40 polyadenylation site was excised from piasmid pSVcl 5 as a 2.5 kb BamHl frag- 
ment Plasmid pSVc15. one of the vectors prevtously used for constitutive esipression of IFN-p2 in CHO cells under the 
strong SV40 early promoter, was derived from plasmid pSVCIFfc (A. Zabersteffi et al. (1986) EMBO J. i pp. 2529- 
2537) by removing all the sequence 5' to the Xhol site of the IFN-P2 cDNA. This BamHl fragment was doned into the 
BamHl site of a pDHFR piasmid containing a mouse DHFR cDNA fused to the SV40 early promoter and a spUdng 
region of nrx)use IgG gamma-2a. 

The done A2-5-10 was grown to confluency in roller bottles. The culture medium was changed to a low (2%) fetal 
calf serum and collected 24 hwrs after the changa One liter of culture was concentrated to 45 ml and loaded on tiie 
monoctonal antibody affinity column prepared in Example 3B. The column was extensively washed and the bound IFN- 
p2 was eluted with 50 mM dtric add pH 2. in four fractions of one ml each. The IFN-p2 purified in this way seems to be 
homogeneously pure as indicated by silver stain analysis of SDS-PAGE (Rgure 5). The amount of IFN-(i2 protein recov- 
ered from n liter of culture was 469 Jig. 

The amount of IFN-(i2 in each fraction was estimated by measuring th hybridoma growth factor (HGF) activity of 
the protein in the crude preparation and in the different fractions of the affinity column. About 40% of the IFN-(J2 loaded 
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on the column was recovered in the untx>und fraction (Figure 7). wNIe the remaining activity was recovered in fractions 
eluted with pH 2 (Rgure 8) with a peak in elution 2. These resiits indicat that under the conditions descnt}ed atx)ve. 
done A2-5-10 produces about 800 ^g/l of IFN-p2. 

The specific acitiviiy of the IFN-^ produced and secreted by the CHO ctone A2-5-10 was determined by measur- 
ing the HGF activity and the protein concentration in each of the purified fractions of the immuno-affinrty column. One 
unit of HGF is defined as the amount of protein that gives 50% of the maxima) effect in the assay. The HGF-activity was 
assayed in 0.1 ml cultures of murine plasmacytoma T1165 cells, treated tor 24 hours and pulsed for 16 hours with 
[^HJthymidine as described by Nordan R.P. and Potter M. (1986) Science 233. PP. 566-568. TaUe 3 summarizes the 
results of such an analysis. The specific HGF activity of IFN-p2 in the three fractions, eluted from the affinity chroma- 
tography column, ranged from 1.18x10^ to 2.1x10® with an average of 1.47x1 of 



Tables 



Specific Activity of IFN-p2 


Fraction 


HGF activity U/ml 


Protein concentration 
mg/mi 


Specific activity U/ml 


Elution 1 


128.000 


0.108 


1.18x10® 


Elution 2 


333.000 


0.239 


1.39x10® 


Elution 3 


166.000 


0.079 


2.10x10® 


Total 


627.000 


0.426 


1.47x10® 



The elution fractions from the affinity c h ro ma togr a phy column were pooled, dialyzed to 10mM acetate buffer pH 5 
and loaded on a Mono S cation exchange column (Pharmacia). The column was washed with 1 0 mM acetate txiffer pH 
5 and then etuted using a linear sodium chloride gradient from 0 to 600 mM. hIGF activity was determined in the differ- 
ent fractions. Activity coincided with the main peak of protein. 

Example 5. Preparation and puriftcation of recombina nt IFN-p2 produced bv E. coH celis 

A) Construction of olasmids oTLfl^SQI and pKKa,7 

Plasmid pP2324 containing the whole IFN-fe sequence preceded by an ATG codon within the multiple cloning site 
of plasmid pGEM-l ws prepared in the same way as plasmid ph^32 in Example 1 A and Figure 3. except for the fact 
that a different synthetic oligonucleotide (Rg. 9) was used. Plasmid pp2324 was digested with Eco Rl and Hind III and 
the complete IFN-p2 cDNA sequence was isolated and introduced into either one of piasmids pTLa143-4 (Y. Chema- 
iovsky et al.. (1983) Ann. N.Y Acad. Sd. 41i pp. 88-96) or pKK223-3 (Phannacia) dgested with Eco Rl and Hind III 
for the obtention of the piasmids pTL^SOl and pKKP27 (Rg. 9). 

B) Expression of the biolOQicaltv active IFN-e2 oolvpeotide in E. coli 

Strain E. coli JM105 (descrised in J. Messing et ai.. (1981) Nucleic Acids Res. 9, pp. 309-321) was transformed 
with recombinant plasmid pKKP27 giving origin to new mtooorgantsm E. coli JMIOS^KKPj? deposited with the ATCC 
under the Budapest Treaty on 17.12.1987 and assigned the number ATCC 67583. The transformation of strain E. coli 
JM101 (ATCC 33876) with the recombinant plasmid pTLPgSOl gave origin to new miaoorganism E. cnJi 
JMIOI/pTLfcSOl deposited with the ATCC inderthe Budapest Treaty on 17.12.1987 and assigned the nun<>er ATCC 
67584. The rroooorganisms were culture, lysed and the extracts containing IFN-P2 were purified. 

C) Purification of E. cofi 1 FN-B2 bv chmmatooraohv 

Nucleic acid-free bacterial extracts were obtained by potyethyieneimine precipitation and passage on OEAE cellu- 
lose. The effluent fractions were adsorbed onto S-Sepharose in 10 mM Na acetate buffer pH 5 (buffer A) and eluted 
with a 0-0.03 M NaQ gradient. Active fractions were pooled, dtatyzed against buffer A. chromatographed on a Mono-S 
FPLC column and eluted with a 0-0.03 M NaCI gradient. HGF activity was followed during purification and coincided 
with the IFN-p2 protein revealed by imnrunobiots using polyclonal antibodies against a N-terminus peptide of IFN-p2. 
The final preparation showed a single band of about 20 kOa on SOS-potyacrylamide get electrophoresis. 
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D) ImmunoDurif ication of E. coli IFfJ.fp 



For purification. 1 -1 .5 1 of Dyno-mill extract ot)tained from 3-6 liter of fermentor cultur were precipitated with poly- 
ethyleneimine. the solution was concentrated down to 100 ml (A4) or 500 ml (A8) and loaded on an 8 ml column of mon- 
s odonal antibody 34-1 (Ig from ascites. 8 mg Ig/nH colimn) in phosphate txjffered saline (PBS) with 0.5M NaCI pH 7.0 
(A4) ct 1 M NaCI (A8), After washing the column with the same buffer, ekition was canied out by SOrriA citric acid buffer 
pH 2 {A4) or with the same citric buffer and propylene glycol 25% (A8) and samples were immediately neutralized by 
addition of 0.1 M Hepes buffer pH8^. The results were as follows: 

10 A4: ImmunonurtficatiQn of g. cnli IFM.p- 



75 



25 



30 



Fraction 


\^ume 


Protein 


HGF activity 


HGFU/ml 


HQFU/mg 


Load eluted: 


90 ml 


5,700 mg 


29 million U 


325,000 


5.100 


Total 


40 ml 


8.2 mg 


2.9 million U 






(Tube 3) 


10 ml 


2.2 mg 




110.000 


500.000 


ficationofE coli IFN-ft2- 


Fraction 


Volume 


Protein 


HGF activity 


HGF U/ml 


HGF U/mg 


Load eluted: 


350 ml 


2,550 mg 


10 million U 


330,000 


4.100 


Total 


37 ml 


5.2 mg 


22 million U 




4.2 million 


(Tube 3) 


9.5 ml 


2mg 




1.3 million 





35 



Following immunoaff tnity. an S-Sepharose column was used as the final purification step. In a typical experiment. 
(S12). the input from pooled A4 fractions was dialyzed against lOmM acetate buffer pH 5. adsorbed and eluted by a 
gradient from 0. 1 -0.4 M Naa. The peak eluted at 0.3 M. Tlie results were as follows: 

SI 2: S-Sepharoseaftpf iri^n Tunoaffinity 



40 



45 



Fraction 


Volume 


Protein 


HGF activity 


HGFU/ml 


HGF U/mg 


Input: 












A4pooi 
pHSdial. 


17.5 ml 
22.5 ml 


3.6 mg 
2.2 mg 


1 .4 million U 
ND 




0.5 million 


Eluted: 












Total peak 
Tube 58 


4,5 ml 
0.5 mi 


0.6 mg 
0.04mg 


0.9 million U 


210,000 


2miaion 
5.2 million 



The yield in this step was 64%. The product was run on SOS polyacrylamide gel under reducing and non-reducing 
50 conditions and showed one single band at 21 Kd. (Fig. 1 0). 

^Xgmplg g- gro wth Iphlbrtion of breast carcinoma cells 



55 



While IFN-P2/IL-6 stimulates growth of plasmacytomaAiybridoma cells (HGF activity), it is growth inhibitory on other 
cell types. We have studied colony formation by the T47D line of human Breast Ductal carcinoma cells (ATCC HTB 
133). which is poorly inhibited by IFN-pl but is sensitive to inhibition by lFN-p2. Rg. 1 1 shows inhtoition of T47D colony 
f rmation in culture dishes by pure rlFN-p2/IL-6. The 50% inhibition is seen with 1 0-20 HGF U/ml. At doses over 
100 U/ml. the remnant colonies are very small and appear to represent mainly growth arrested cells (insert). Inhibition 
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of ^H-thymidine incorporation in eemioonf luent T47D cells by E. coli and CHO rlFN-p2/IL-6 was found to be neutralized 
by the anti-IFN-pa monoclonal antibody 34-1. 

To investigate if the inhbition of ^H-thymidine inco r poration in T47D cells represents a genuine antigrowth activity, 
we used a 15 day cionogenic assay (Fig. 12). A 50% decrease in the nurrber of colonies of T470 cells was observed 
with 2 BSF-2 UAnI of E. cofi IFN-fe and an almost complete inhibition of growth in these conditions was reached at 50 
U/ml. The nrxx:k preparation had no inhtbftory activity in this cionogenic assay (Rg. 12 a). In the same e]7)efiment we 
observed that IFN-^ at 500 antivirai U/imt produced no inhOirtton of T470 cell growth. Deaeased colony tonmation was 
similarly observed in another breast carcinoma cell tine MCF-7 (ATCC HTB 22) (Fig. 12 b). By ^H-thynidine incorpora- 
tion. MCF-7 appears somewhat less sensitive than T47D ceils. 

For the donogenic assay. T47D cells were seeded at 200 ceils per well and MCF-7 at 1 .000 ceils per well in 6-well 
Costar plates in 1 ml RPM1 1640 with 10% fetal calf serum (FCS). insulin 0.2 U/ml. glutamine 2 mM, penidBin 100 U/ml. 
streptomydn 1 00 ug/ml. Cells received 24 hours later serial 5 fold d lutions of E. coli IFN-p2 or mock E. coli preparations 
at the same protein concentration. After 15 days the cotonies were stained with crystal violet and courrted under an 
inverted microscope. For ONA synthesis measuements, cells were seeded at 15-25 x 10^ per weU of a 96-well micro- 
plate, and after 3 days FCS removed for 24 hours and readded in fresh medium with serial 5 fold dilutions of E. cdi 
IFN-P2 or mock preparations. After 16-24 hours, celts were labeled with 15 jiCi/ml ^H-thymidine (25 Ci/mmol. Amer- 
sham) for 1 hour, washed twice with PBS, treated by 5% trichloroacetic acid (TCA) for 30 min at 4*»C and washed 3 
times with S% TCA. The precipitate was dissolved in 0.1 ml of 0.2 M NaOH at 37'C for 30 minutes, neutralized by 0.01 
ml of 2M HQ and counted in a Tricarb counter with toluene sdntillator and Lumax (35 v/v). SInilar results were 
obtained without serum starvation. ^H-thymidine incorporation was lower but inhibition was the same. 

Extracts containing IFN-p2 were assayed for BSF-2 activity as measured by the stimulation of IgG secretion by 
CESS cells in response to treatment with said extracts (A. Muraguchi et al.. (1981) J. IninunoL I2a pp 1296-1301: T 
Hirano et al., (1985) Proc. NaU. Acad. Sd. USA S2. Pp. 5490-5494) and for HGF activity as measured by the ability of 
the extracts to sipport the growth of plasmacytoma cell line T1 1 65 (R.R Nordan and M. Potter. (1986) Sdence 233, PP- 
566-569). Stimulation of ^H-thymidine incorporatio in T1 165 ceils and of IgG secretion by CESS cells showed half-max- 
imum at a dilution of i :1 2.500 which was therefore defined as one unit of BSF-2/HGF activity- This unitage is used In 
the present experiments. 

Example 7. Growth InhibWon and differentiatton of mveloleukemic cells 

IFN-P2 is also active in growth inhibition and dfferentiatton of myeloieukemic cells. Murine myeldeukemic Ml cells 
and human histiocytic lymphoma U937 cells were grown in RPM1 1 640 with 1 0% fetal calf serum (FCS). The cells were 
seeded at 10^ per ml in wells of 12-well Costar plates. Pure E. cdi IFN-p2 was added at 0.1-75 ng/ml and the cultures 
were observed for 4-6 days. Cells were counted and stained for Giemsa and for non-spedftc esterase using the a- 
naphtyl acetate esterase kit 91 -A of Sigma (St Louis, MO). Lysozyme activity was measured in 0.5% Triton-XlOO cell 
extracts t>y a turbidimetric assay of the lysis of Miaoooccus lysodeiktk:us (Sigma Ca). the assay being calibrated with 
egg-white lysozyme as described (Weisinger. a and Sachs. L (1983) EMBO J. 3, pp. 2103-2107). The (2'-5') oligo-A 
synthetase activity was assayed in Nonidet-P40 cell extracts as described (Resnitzky et al. (1986) Cell 4S, pp, 31-40). 



Table 4 



Effect of IFN-P2/IL-6 on myeloieukemic Ml cell growth 


IFN-P2 BSF U/mi 


Cell number x 10*^ 




DayO 


Day 1 


Day 4 


Day 5 


Day 6 


0 
25 
50 


1 
1 
1 


2.3 
2.0 
1.4 


19.0 
3.5 
2.3 


25.0 
0.9 
0.8 


35.0 
0.7 
1.2 


Recombinant E. co 
5C) 


i IFN-P2 purified by Mono-S FPLC (Exanple 



Without addition, the Ml cells grew without adhering to the dish arxl showed typical myeloblastic morphology. In 
contrast aft r 4 days of culture with IFN-p2. the cells were adh rent and showed dramatic morphological changes (Rg- 
ure 1 3). About 60% of the cells acquired maaophage-like morphology, th rest showing various degrees of maturatfon. 
Cytoplasms were enlarged, contained vacuoles and acquired typical foanny appearance. Nudei wer eccentric, less 
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round and contrasted and had less prominent nudeoii. Viable cell countng showed that while the control culture grew 
for 6 days, the M1 celts treated by 50 U/ml IFN-p2 undenArent 2-3 divisions and growth was arrested (Table 4). At day 4 
after seeding, less than 1 U/ml IFN-p2 (expressed in plasmacytoma growth units) was sufficient to cause a 50% 
deaease in M1 cell number. The growth-arrest effect was maximal about 30U/mt IFN-p2 (15 ng/ml). Even with the 

5 chemically purified rlFN-p2. this concentration corresponds to no more than 2.5 pg/mi LPS which had no effect on the 
M 1 cells. Growth inhbition and differentiation of Ml cells was observed when IFN-p2 was added with 5 ng/ml polymyxin 
6. further excluding any rote of LPS traces. As a biochemical marker of differentiation we measured lysozyme activity 
in extracts of 5 x 10^ Ml cells cultured 4 days with 30 U/mt IFN-P2. Lysozyme was undetectable in the control Ml cul- 
tures. Treatment with IFN-P2 induced lysozyme to levels of 0.85 \iq lysozyme equivalent per 5 x 10® cells. Phagocytic 

w activity on latex beads was also observed in the differentiated M i cells. 

In another experiment, addition of IFN-p2/IL-6 to cultures of Ml cells arrested the growth of the cells after 24 hours 
(Rg. 14) and induced their differentiation into macrophages. At 24 hours, the cells already shewed cytoplasmic enlarge- 
ment with acentric nuclei and after 3-4 days acquired typical macrophage morphology demonstrated by inaease in lys- 
ozyme phagocytotic activity and increase in Mac 1 antigen. The 50% growth inhiaition of Ml cells was observed with 

IS about 0.5 ng/mt of rlFN-p2/IL-6, tess than wfiat is required for stimulation of plasmacytoma T1 1 65 cells. The effect of 
IFN-P2/IL-6 was more rapid than that of the combinaton of IL-1 (10 U/ml) and TNF (10^ U/ml) which produced growth 
an-est only after 48 hours. These cytokines which also cause M1 differentiation are known Inducers of IFN-P2/IL-6. The 
growth-arrest by IFN-p2/IL-6 was fully neutralized by monoclonal antibody 34. 



20 

Table 5 





Effect of IFN-P2/IL-6 on histiocytic lymphoma U937 cell groiwth and differentia- 
tion 


25 


Expt 


IFN-P2 BSF U/ml 


Cell number x 10"^ 


Esterase positive Cells, 
percent 




1. 


0 


14.0 (lOO).O 


4 






100 


10.0(71) 


24 


30 


2. 


0 

150 
1500 


26.7 (100) 
23.5 ( 88) 
14.5(54) 


N.D. 


35 


Cells treated for 5 days with or without riFN-p2 purified on Mono-S FPLC. 
(Example 5C) 



Human histiocytic lynphoma U937 cells can be induced to differentiate by phorbol esters and Vitamin D3. partially 
by IFN-gamma and other yet unidentified cytokines. We examined the effect of 1 00 HGF U/ml IFN-p2 addition on U937 

40 cultures. After 4-5 days, about 25% of the cells showed monocytic/macrophage morphology and there was a 30% 
reduction in cell growth (Table 5). The celts were stained for a-naphtyl acetate esterase as a biochemical marker of dif- 
ferentiation not induced by IFh4-gamma. /Vbout a fourth of the cells in the 1FN-P2 treated culture were strongly positive 
for the non-specific esterase, whereas few positive cells were observed in the non-treated culture (Table 5) or in mock 
treated culture (not shown). With hi^er anrx)unts of the pure rlFN-p2 preparatk)ns. growth inhibition (Table 5) and par- 

45 tial morphologicat changes, such as cytoplasmic enlargement and nucleus irxjentation. were wore pronounced. How- 
ever, we found that when added together with IFN-gamma. the effect of low dose IFN-p2 was significantly potentiated 
(Table 6). Under these conditions, cell growth was reduced and most of the cells showed cytoplasmic enlargement 
changes in nuclear shape and nucleoli reduction, although monocytic differentiation was still incomplete. Thus we found 
that the combination of IFN-gamma 100 U/ml and IFN-P2 (1-10 HGF U/ml) has a synergistic effect and triggers growth 

so arrest and differentiation. In optimal conditions, IFN-gamma alone reduced growth (after 6 days) by 10%. IFN-p2 alone 
by 25% and the combinaton IFN-gamma arxi IFN-P2 by 90%. 
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Table 6 



Synergistic efffects of IFN-p2/IL-€ and IFN-gamma on histiocytic lymphoma U937 cells 


IFN-p2BSFU/ml 


IFN-gamma U/ml 


Cell number X 10'® 


(2*-5^ A Synthetase 


0 


0 


20(100) 


110 


15 


0 


14(70) 


310 


0 


100 


12(60) 


940 


15 


100 


8.5 ( 42) 


4,000 


Cells treated for 6 days with or vvithout rlFN-p2 immunoaffinity purified 



The addition of IFN-gamma also strongly potoitiated the induction of (2'-5') Ollgo A synthetase by IFN-p2 (Tat)*e 
6) suggesting that the two cytokines cooperate to initiate the diffa-entiation process, although other additions may be 
required to see complete differentiation of the type seen with the Ml cells. 

IFN-P2 activity on fresh leukemic ceils of acute myelogenous leukemia (AML) was also studied. Perpheral Wood 
mononuclear cells from AML patients incubated 5 days with rlFN-p2/iL-6 showed a decrease in the percentage of blast 
cells (from 20-30% in control cultures to 6-12% with IFN^IL-6) with an increase in myelocytic forms at various stages 
of differentiation and in the ratio of myelomonocytes to t^ast cells. The results with two AML patents are shown in Table 
7. GM-CSF was also tested (comparison). IFN-p2/IL-6, therefore acts also on fresh leukenic cefls and such tests may 
be useful to foresee the therapeutic value of the cytokine in AML 

Table 7 

Effect of IFM-fl2/IL-6 on blood cells from AML patients 





Patient f 1 
Percent Ratio: 
Blasts Hyelomonocytes 
Blast cells 


Patient 8 2 
Percent Ratio: 
Blasts Myelomonocytes 
Blast cells 


After 5 days of 
culture with: 
FCS ALONE 
+CM-CSF 

+IFN-92 (CH017) 
+rFN*ft2 (E.COLI) 


30 2.3 
39 1.6 
11 8.1 
15 5.3 


20 3.6 
40 1.4 
4 22.5 
7 12.4 



EyamPlg 8, HematQDQfettc effects on nonmat bone mar row ctiltures 

Monocyte and T-cell depleted human bone manow cells treated by 4-hydroperoxy cyclophosphamide (4-HC) 
(lOOjig/ml, 30 min.) to eliminate committed progenitors of CFU-mix (colony-forming unit - granulocyte, monocyte, eryth- 
roid. megakaryocytes). CFU-GM (cdony-forming unit - granulocyte, monocyte) and BFU-E (burst-forming unit - eryth- 
roid) colonies, were used to study the effects of rlFN-p2/IL^ on the early steps in hematopoietic differentiation. When 
added at the time cells were plated on methytcellulose (1 0^ cells/ml), IFN-p2/IL-6 by itself could not support the growth 
of colonies, indicating it does not function as a growth-promoting CSF (colony stimulating factor) (Rg. 15). However. 
IFN-(J2/IL-6 markedly increased th ability of IL-3 to caus formation of colonies with mixed (CFU-GEMM) and erythroid 
(BFU-E) as well as granulocytic monocytic (CGU-GM) phenotypes. In this action IFN-(J2/IL-6 appears more potent than 
IL-1 (Rg. 15). In a two-stage assay, where IFN-(J2/IL-6 was added in liquid cultures one week before tiie cells were 
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plated in methyicelluiose with a fUl supplement of CSF, an increase in the number of progenitor celis able to respond 
to CSF was produced by IFN-p2/IL-6 alone (Rg. 15. right). This increase was only slightly lower than that caused by IL- 
3 and the two factors seem to work independently in this first stage of the assay. In Rg. 1 5, colonies were counted after 
1 5 days and classified as CFU-mix. CFU-GM and BRJ-E Left half: Day 0 cultures with no addition (1 0% fetal calf serum 
and erythropoietin), and with the addition of 10 HGF U/ml rlFN.p2/IL-6. 2 U/ml rlL-1 . 10 U/n^ rlL-3, iFN-p2/IL-e^lL-3 or 
IL-1+IL-3. Right half: Cells were first incubated for one week in liquid cultures with no addition and in the presence of 
rlFN-p2/lL-6, rlL-l, rlL-3. IFN.p2/IL-&+IL-3 or IL-1+IL-3. The cells were then plated as above in methylcelluiose for 15 
days with PHA-induced leucocyte conditioned medium (containing all CSF) and colonies counted. 

The stimiiation of mixed colonies from normal bone manrow progenitor cells is significant enough to warrant the 
use of rlFN-p2/IL-€ in bone marrow transplants. 

Example 9. Induction of Complement Factor B in fibroblasts 

The inductwn of Complement Factor B in human diploid skin fibroblasts GM8399 by IFN-p2 was studied. When 
used alone, the immunopurif ied IFN-p2 induced the secretion of Complement Factor B but the effect was again strongly 
potentiated by IFN-gamma. This effect is of importance since Complemem Factor B is an essential component of the 
alternative pathway of complemem which kills bacteria and parasites without need for antibodies. A local increase in 
resistance to such infectious agents can be expected in response to the IFN-p2 - IFN-gamma combination. A biological 
assay for Factor B activity showed increase in conplement activity for cell lysis. The synergistic effect of IFN-gamma 
and IFN-P2 suggests that this combination may prove very attractive 

Pharmaceutical Composftionfi 

Human IFN-P2 may be used for the treatment 
of breast cancer, leukemia, e.g. acute myetogenous leukemia, infectious diseases caused by bacteria or parasite and 
in bone man-ow transplants. It may be used alone or in combination with other cytokines, in partkrular with IFN-gamma 
for the treatment of infectious diseases and certain types of leukemia. The active IFN-p2 may be administered by any 
route appropriate to the condition bang treated. It may be formulated with one or more pharmaceutically acceptable 
caniers and systematically administered either parenterally, intravenously or sttocutaneously, or enteraily. e.g. in ttie 
form of a tablet capsules, etc. 

The amount of active ingredient to be administered will be determined by the physician and will deperxl upon sev- 
eral factors, e.g. the severity of tiie condition being treated, weight, age and general condition of the patient the route 
of administration chosen and the specifk: activity of the active IFN-p2. Daily dosages could be in the range of about 5 
micrograms to about 800 micrograms, preferably within the range of 10-100 micrograms per day. 

The pharmaceutical compositions may convenientiy be presented in unit dosage form and may be prepared by any 
of the methods well known in the art 

Claims 

Claims for the following Contracting States : AT, BE, CH, U, DE, FR, GB, GR, IT, LU, NL, SE 

1 . A monodonai antibody capable of specifically binding to natural human interferon-p2 (IFN-P2) as well as to recom- 
binam human IFN-p2 expressed by mammalian cells and recombinant human IFN-p2 expressed by bacterial cells, 
capable of inhibiting the biological activity of human IFN-p2 when bound thereta arKl capatde of releasing IFN-p2 
bound thereto upon elution with 50 mM citric add. 

2. A monodonai antibody in accordance with daim 1 , of dass IgGI . 

3. A monodonai antibody in accordance with claim 1. which is produced by a hybridoma cell obtained by fusion of 
myeloma cells with spleen cells from a mouse previously imnxjnized with recombinant human IFN-p2 expressed 
by bacterial cells or with a recorrt^inant fusion protein induding human IFN-p2 expressed by bacterial cells. sakJ 
hybridoma cell being selected tor the production of a monodonai antibody which binds to recombinant human IFN- 
P2 expressed by mammalian cells. 

4. A monodonai antibody in accordance with claim 3. wherein the myeloma cells are mirine myeloma cells and the 
spleen cells are from a mouse irrtmunized with a recombinant fusion protein including human IFN-p2. 

5- A monoclonal antibody in accordance with daim 4. wherein the fusion protein is Protein A-IFN-P2. 
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6. A monoclonal antibody expressasle by hybndoma ceil line CNCM 1-813 (HB2 34- T). 

7. A hybridoma cell fine capable of expressing a monoclonal antdxxiy in accordance with claim 1 . 

5 8. A hybridoma cell line in accordance with claim 7 obtained by fusion of myeloma cells with spleen cells from a 
mouse previously immunized with recombinant human IFN*p2 eocpressed by bacterial cells or with a recombinant 
fusion protein including human IFN-p2 expressed by bacterial cells, said hybridoma cell being selected for the pro- 
duction of a morxsclonal antibody which binds to recorrbtnant human IFN-p2 expressed by mammalian ceHs. 

10 9. A hybridoma cell line according to daim 8, obtained by fusion of murine myeloma celts with spleen cells from a 
mouse previously immunized with a recombinant fusion protein including human IFN-P2. 

10. A hybridoma cell line according to daim 9, wherein the fusion protein is Protein A-IFN-P2. 

15 11. The hybridoma cell line CNCM l<813 (No.34-1). 

1 2. A method for obtaining a monodonal arrtibody in accordance with claim 1 . which corrprises: 

(a) immunizing mice with human IFN-^ or with a fusion protan corrprising human IFN-P2. wherein the source 
20 of said IFN-P2 or fusion protein is one of the sources selected from the groip consisting of natural protein. 

recombinant protein produced in bacterial cells, and recombinant protein produced in mammalian cells; 

(b) fusing the spteen cells from said mice with murine myeloma cells in the presence of a suitat)le fusion pro* 
meter; 

25 

(c) testing the supernatant of the cultured fused cells for the presence of the desired monodonal antibodtes 
with human IFN-p2 from a Afferent one of said sources than that of the IFN-p2 used in st^ (a) above; arvl 

(d) selecting and cloning the hybridoma cell tine produdng the desired monodonal antibodies, and either (i) 
30 culturing the selected hybridoma cell line in a suitable growth medium and recovering the desired monoclonal 

arrtibodies from the supernatant or (ii) injecting the selected hybridoma cell line into mice arxl recoverrig the 
d^red monodonal arrtitxxiies from the asdtic fluid of said mice. 

13. A method in accordance with daim 12. wherein in step (a) the mice are imnrunized with recombinant human IFN- 
35 p2 expressed by tsacteriai cells or with a recombinant fusion protein induding human IFN-p2 expressed t3y bacterial 

cells arxi the hybridoma sipematants of step (c) are tested with recombinant human IFN-p2 expressed by mam- 
malian cells. ' 

14. A method according to claim 12. wherein in step (a) the mice are immunized with Protein A-IFN-P2 expressed by 
40 E. coli and the hyixidoma supematants of step (c) are tested with IFN-p2 expressed by CHO cells. 

1 5. A method for produdng afTti-IFN-02 monodonal antibodies wtiich comprises culturing hybridoma CNCM 1*813 in a 
suitable growth medium and recovering the monodonal antbodies from the supernatant of said hytKidoma. 

4S 16. A method for produdng anti-IFN-02 morxxdonal antibodies which comprises injecting hybridoma CNCM 1-813 in a 
mouse and recovering the morxx:lonaJ antitxxiies from the ascitic fluid of said mouse. 

1 7. A method for obtaining a hybridoma cell line in accordance with daim 7. comprising: 

so (a) immunizing mice with human IFN-^ or with a fusion protein corrprising human lFN-92. wherein the source 

of said lFN-32 or fusion protein is one of the sources selected from the groip consisting of natural protein, 
recombinam protein produced in t^acterial cells, and reoombtnam protein produced in mammalian cells; 

(b) fusing the spleen cells from said mice with murine myeloma cells in the presence of a suitable fusion pre- 
ss moter; 

(c) testing the supernatant of the cultured fused cells for tiie presenc of the desired monodonal antibodies 
with human iFN-p2 from a dHferent one of said sources than that of the IFN-P2 used in step (a) atxTve: and 
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(d) selecting and dontng the hybhdonna cell line producing the desired nnonodonal antibodies. 

18. A method according to daim 17, wherein in step (a) the mice are immunized with Protein A-IFN-p2 expressed by 
£ coli and the hybridoma supematants of step (c) are tested with IFN-p2 expressed by CHO cells. 

19. A method for the imnrunopurification of human biologically active IFN-p2 comprising passing a sanple containing 
human IFN-P2 through an immunoadsorbent column comprising a monodonal antibody in accordance with daim 
1 bound to a solid phase support washing the column, and eluting IFN-p2 from the column. 

Claims for the following Contracting State : ES 

1 . A method for produdng a hybridoma cell line capable of produdng a monodonal antibody, which monodonal anti- 
body is capable of specifically binding to natural human interferon-32 (lFN-p2) as well as to recombinartt human 
IFN-P2 ejqaressed by mammaiian celts and reconrtbinant human lFN-p2 expressed by bacterial cells, capable of 
inhibiting the biological activity of human IFN*p2 when bound thereto, and capable of releasing iFN-p2 bound 
thereto upon elution with 50 mM citric acid, 

wherein myeloma cells are fused with spleen cells from a mouse previously imnuinized with recombinant human 
IFN-p2 expressed by bacterial cells or with a reoorrbinant fusion protein induding human iFN-p2 expressed by 
bacterial cells and a hybridoma cell line is selected for the production of a monoclonal antibody which binds to 
recombinant human 1FN-P2 expressed by mammalian cells 

2. The method in accordance with daim 1 . wherein the myeloma cells are murine myeloma cells and the spleen cells 
are from a mouse imrruinized with a recombinant fusion protein induding human lFN-^2. 

3. The method in accordance with daim 2, wherein the fusion protein is Protein A-IFN-p2. 

4. The method according to daim 1 comprising: 

(a) immunizing mice with human IFN-^ or with a fusion protein comprising human IFN-p2, wherein the source 
of said 1FN-P2 or fusion protein is one of the sources selected from the group consisting of natural protein, 
recombinant protein produced in bacterial cells, and recombinant protein produced in mammaiian cells; 

(b) fusing the spleen cells from said mice with murine myeloma ceils in the presence of a suitable fusion pro- 
nxrter; 

(c) testing the sipernatant of the cultured fused cells for the presence of the desired monodonal antibodies 
with human IFN-^ from a cfifferent one of said sources than that of the IFN-p2 used in step (a) abo^e; and 

(d) selecting and doning the hytxidoma cell line produdng the desired nx)nodonal antibodies. 

5. The method according to daim 4. wherein in step (a) the mice are immunized with Protein A-lFN-p2 expressed by 
E. coif and the hybridoma supematarrts of step (c) are tested with IFN-p2 expressed by CHO cells. 

6. The hybridoma ceil line CNCM 1-813 (Na34-1 ). 

7. A method for obtaining a morKx:lortal antitxxly capable of spedficaJly binding to natural human irrterferon-p2 (IFN- 
p2) as well as to recorrt^inarrt human IFN-^ expressed by mammalian cells and recombinant human IFN-p2 
expressed by bacterial cells, capable of inhibiting the bidogical activity of human IFN-()2 when bound thereto, and 
capable of releasing IFN-^ bound thereto upon elution with 50 mM citric acid which comprises: 

(a) immunizing mice with human lFN-p2 or with a fusion protein comprising human 1FN-P2. wherein the source 
of said lFN-132 or fusion protein is one of the sources selected from the group consisting of natural protein, 
recombinant protein produced in bacterial celts, and recombinant protein produced in mammaiian ceils; 

(b) fusing the spleen cells from sad mice with murine myeloma cells in the presence of a suitable fusion pro- 
moter: 

(c) testing the sipernatant of the cultured fused cells for the presence of the desired monodonal antibodies 
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with human IFN*^ from a different one of said sources than that of the IFN-02 used in step (a) above; and 

(d) selecting and dontng the hytxidoma cell line producing the desired monodonai antft)odies, and either (I) 
cutturing the selected hybridoma cell line in a suitable growth medium and recovering the desired monocional 
antibodies from the supernatant or (ii) injecting the selected hybridoma cell line into mice and recovering the 
desired monodonai antitxxjies from the ascitic fluid of said mice. 

8. The method according to daim 7. wherein the antibody is of dass IgGI . 

9. A method in accordance with claim 7, wherein In step (a) the mice are immunized with reoorrtinarrt human iFN-p2 
expressed by bacterial cells or with a recombinant fusion protein including human iFN-p2 expressed by bacterial 
cells and the hybridoma supematants of step (c) are tested with recombinant human IFN-pz expressed by mam- 
malian ceils. 

10. A method according to daim 7, wherein in step (a) the mice are immunized with Protein A-IFN-P2 eiqaressed by £ 
coli and the hybridoma supematants of step (c) are tested with IFN-p2 expressed by CHO ceils. 

11 . A method for produdng anti-lFN-p2 monodonai anttoodies which conrprises culturing hybridoma CNCM 1-813 in a 
suitat}le growth medium and recovering the monodonai antibodies from the supernatant of said hybridoma. 

12. A monoclonal antibody expressible by hybridoma cell line CNCM 1-813 (HB2 34-1). 

13. A method for f^oducing arrti-IFN-|}2 monodonai antilxxjies which comprises injecting hybridoma CNCM 1-813 in a 
mouse and recovering the monoclonal antibodies from the ascitic fluid of said mouse. 

14. A method for the irrffnunopurification of human biologically active IFN-p2 comprising passing a sample containing 
human IFN-p2 through an immmoadsorbent column comprising a monodonai antibody produced in accordance 
with daim 7 bound to a solid phase support washing the column, and eluting IFN-p2 from the column. 

Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, U, DE. FR, GB, GR, IT, LU, NL, SE 

1 . Monodonaler AntikOrper, der in der Lage ist sowohl spezifisch an naturiiches, menschliches. lnterferon-p2 (IFN-p2) 
ais auch an rekombinantes. menschliches, in SSugerzellen exprimiertes IFN-p2 und an retombinantes. menschli- 
ches, in Bakterienzellen exprimiertes iFN-p2, zu binden, wobei der monodonale AntikOrper in der Lage ist de bio- 
logische Aktivitat von menschlichem \FN-pZ zu inhibteren. wenn er an dieses gebunden ist und er in der Lage ist 
durch Elution mit 50 mM Zitronens^re an ihn gebundenes IFN-p2 freizusetzen. 

2. Monodonaler AntikOrper nach Anspruch 1 . der Klasse IgGl . 

3. Monodonaler Antikdrper nach Anspruch 1 , der hergestellt wird von einer Hybridomzelle erhatten durch Fusion von 
Myetomzellen mrt Milzzellen einer Maus, die vorher mit rekombinantem. menschlichem. in Bakterienzellen expri- 
miertem IFN-p2 Oder mit einem rekonnbinanten Fusionsprotein einschlieSlich menschlichem, in Bakterienzellen 
exprimiertem lFN-p2 immunisiert wurde, wobei die Hybridomzelle zum Herstellen eines mofKx:ionaien AntikOrpers. 
der an rekombinantes. menschlkiies. in Sdugerzellen exprimiertes IFN-p2 bindet ausgewdhit ist 

4. Monodonaler Antikdrper nach Anspnich 3. wobei die Myelomzellen von Mdusen oder Ratten abstammende Mye- 
lomzellen sind, und die Milzzellen von einer Maus stammen, die mit einem rekonnbinanten Fusionsprotein. ein- 
schlieBIich menschlichem IFN-P2, imnrunisiert wurde. 

5. Monodonaler AntikOrper nach Anspruch 4, wobei das Fusionsprotein Protein A-IFN-p2 ist 

6. Monodonaler AntikOrper exprimiertjar durch die Hybridomzellinie CNCM 1-813 (HB2 34-1 ). 

7. Hybridomzellini . di in der Lag ist einen monodonaien AntikOrper nach Anspruch 1 zu exprimieren. 

8. Hybridomzellinie nach Anspruch 7, erhalten durch Fusion von Myelomzellen mit Milzzellen von einer Maus. die vor- 
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her immunisiert wurde mit rekombinantem. menschlichem. in Bakterienzeilen exprimiertem iFN-p2, Oder rrtt einem 
rekDmbinanten Fusionsprotein. einsdiliefilich menschlichem, in Bakterienzeilen exprimiertem IFN-p2, wobei die 
Hybridomzelle zum Herstellen eines monoctonalen AntikOrpers ausgewdhit ist der retombinantes. menschllches. 
in Sdugerzellen exprimiertes tFlsl-p2 bindet 

9. Hybridomzellinie nach Anspruch 8, erhalten durch Fusion von von Mdusen Oder Ratten abstammenden ^4yelom- 
zellen mtt Milzzellen einer Maus, die vorrier mit einem rekombinanten Fusionsprotein, einschiieBlich menschlichem 

immunisiert wurda 

10. Hybridomzellinie nach Anspruch 9, wob« das Fusionsprotein Protein A-IFN-p2 ist. 

11. HybridomzelUnie CNCM l-813(Nr. 34-1). 

12. Vertahren zum Erhalten eines monodonalen AntikOrpers nach Anspruch 1. das umfaSt: 

(a) das Immunisieren von Mausen mit menschlichem IFN-p2 Oder mtt einem menschllches IFN-p2 umfassen- 
den Fusionsprotein, wobei die Quelle des IFN-p2 Oder des Fusionsproteins eine der Quellen ausgewdhtt aus 
der Gruppe bestehend aus naturiichem Protein, rekombinantem, in Bakterienzeilen hergestelltem Protein und 
rekombinantem, in Sflugerzellen hergestelltem Protein, ist* 

(b) das Fusionieren der Milzzellen der Maus mit von Mdusen Oder Flatten abstammenden Myelomzellen in der 
Gegenwart eines geeigneten Fusionspromoters; 

(c) das Testen des Uberstandes der kuttivterten fusionierten Zellen auf die Anwesenheit der gewOnschten 
monodonalen AntikOrper mit menschlichem IFN-p2 aus einer anderen Quelle als der Quelle des lFN-p2. wel- 
ches oben in Schritt (a) benutzt wurde; und 

(d) das Auswahlen und Wonieren der Hybridomzellinie, die die gewunschten monodonalen Antikflrper herstellt 
und errtweder (i) Kultivieren der ausgewdhlten Hybridomzellinie in einem geeigneten Wachstumsmedium und 
Wiedergewinnen der gewunschten monodonalen AntikOrper aus dem Uberstand, Oder (10 Injizieren der aus- 
gewahlten Hybridomzellinie in Mduse und Wiedergewinnen der gewunschten monodonalen AntikOrpef aus 
der BauchwasserflQssigkeitder Mduse. 

13. Vertahren nach Anspruch 12, wobei in Schritt (a) de Mduse immunisiert werden nrttt rekombinantem, menschli- 
chem, in Bakterienzeilen exprimiertem IFN-p2 Oder mit einem rekombinanten Fusionsprotein. einschiieBlich- 
menschlichem, in Bakterienzeilen exprimiertem IFN-p2 und die HybridomQberstande aus Schritt (c) mit rekombi- 
nantem. menschlichem. in SSugerzellen ea^rimiertem IFN-p2 getestet werden. 

14. Verfehren nach Anspruch 12. wobei in Schritt (a) die Mduse mit in E coli exprimiertem Protein A-IFN-p2 immuni- 
siert werden und die Hybridomuberstfinde aus Schritt (c) mit in CH0-2ellen exprimiertem lFN-p2 getestet werden. 

15. Vertahren zum Herstellen von anti-IFN-p2 monodonalen Antikdrpem, welches das Kultivieren von Hybridom 
CNCM 1-813 in einem geeigneten Wachstumsmedium und das Wiedergewinnen der monodonalen AntikOrper aus 
dem Uberstand des Hybridoms umiaBt 

16. Vertahren zum Herstellen von anti-IFN-p2 monodonalen AntikOrpern. welches das Injizieren von Hytxidom CNCM 
1-813 in eine Maus und das Wiedergewinnen der monoctonalen Antikflrper aus der Bauchwasserflussigkeit der 
Maus umfal3t 

17. Vertahren zum Erhalten einer Hybridomzellinie nach Anspruch 7. umfassend: 

(a) das Immunisieren von Mausen mit menschlichem lFN-p2 oder mit einem menschllches lFN-p2 umfassen- 
den Fusionsprotein. wobei die Quelle des IFN-p2 oder des Fusionsproteins eine der Quellen ausgewahlt aus 
der Gruppe bestehend aus natOrlichem Protein, rekombinantem. in Bakterienzeilen hergestelltem Protein und 
rekombinantem. in SaugerzeBen hergestelltem Protein, ist; 

(b) das Fusionieren der Milzzellen der Maus mit von Maus n oder Ratten atjstammenden Myelomzelien in der 
Gegenwart eines geeigneten Fusionspromoters; 
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(c) das Testen des UberBtandes der kultivierten fusionierten Z^len auf die Anwesenheit der gewOnschten 
monodonalen AntMrper mrt menscfilichem IFN-p2 au8 einer anderen Quelle ate der Quelle des IFN-P2 wel- 
ches oben In Schritt (a) benutrt wurde; und 

(d) das Auwahlen und Klonieren der Hybridomzellinie. die die gewOnschten monodcnalen AntikOfper her- 
stem 

18- Verfahren nach Anspruch 17. wobei in Schritt (a) die Mduse mit in E. coil exprimiertem Protein A-IFN-p2 imnujri- 
siert wefden und die Hytxidomuberstande aus Schritt (c) mit in CHO-ZeUen exprimiertem IFN-p2 getestet werden. 

19. Verfahren zum Immunreinigen von menschlichem. bidogisch aktivem IFN-P2. umfassend das Leiten einer 
menschliches IFN-p2 enttialtenden Probe durch eine immunabsorbierende SSule, die einen monodcnalen Antikftr- 
per nach Anspruch 1 umtaOt. der an einen Festtrdger g^xmden ist. 
das Waschen der Sdute und 
das Eluieren des lFN-f£ >«n der Sdule. 

PatentansprQche f Or folgenden Vertragsstaat : ES 

1. Verfahren zum Herstellen einer Hybridomzellinie, die in der Lage ist einen monodonalen AntikOrper hOTJStellen. 
welcher in der Lage ist spezifisch an natQrliches. menschliches lntefferon-p2 (IFN-p2) zu binden und ebenso an 
rekomblnantes, menschlkiies, in Sdugerzellen ei^rimiertes IFN-P2 und rekombinantes. menschliches, in Bakteri- 
enzeden exprimiertes IFN-^ zu binden. wobei der monodonale Antikdrper in der Lage ist die bfOk>gische Aktivrtdt 
des menschlichen IFN-P2 zu inhibieren, wenn er an dieses gebunden ist und er in der Lage ist durch Eiution nit SO 
mM Zitronensaure an ihn gebundenes IFN-p2 freizusetzen. 

wobei Myelomzellen mit Milzzellen einer Maus fusioniert werden, die vorher mit rekombtnantem. menschlichem. in 
Bakterienzelien exprimiertem lFN-p2 oder mrt einem rekombinanten Fusionsprotein. einschlleBllch menschlichem, 
in Bakterienzelien e^q^rimiertem IFN-p2, immunisiert wurde und eine Hybridorreellinie ausgewdhit wird zum Her- 
stellen eines monodonalen AntikOrpers der an rekomtxnantes, menschfiches, in Sdugerzellen exprimiertes IFH-pZ 
fcMndet 

2- Verfahren nach Anspruch 1 . wobei die Myetomzellen von Mdusen oder Ratten abstammenden Myelomzdien sind 
und die Milzzellen von einer Maus stammea die mit rekombinantem Fusionsprotein einschfieBIich menschUchem 
IFN-^ immunisiert wurde. 

3. Verfahren nach Anspruch 2, wobei das Fusionsprotein Protein A-IFN-p2 isL 

4. Verfahren nach Anspruch 1 umfassend; 

(a) das Imnnunisieren von Mdusen mit menschlichem IFN-P2 oder mit einem menschliches IFN-p2 umfassen- 
den Fusionsprotein. wobei die Quelle des IFN-P2 oder des Fusionsproteins eine der Quellen ausgewfthlt aus 
der Gruppe bestehend aus naturiichem Protein, rekombinarrtem, in Bakterienzelien hergesteiltem Protein und 
rekombinantem in SAugerzeilen hergesteiltem Protein, ist 

(b) das Fusionieren der Milzzellen der Maus mit von Mdusen oder Ratten abstammenden Myelomzellen in der 
Gegenwart eines geeigneten Fusionspromotefs; 

(c) das Testen des Cbeistandes der kultivierten fusionierten Zelien auf die Anwesenheit der gewOnschten 
monodonalen AntO^Arper mrt menschlichem IFN-()2 aus einer anderen Quelle ais der Quelle des iFN-p2. wel- 
ches oben in Schritt (a) benutzt wurde: und 

(d) das Auswahlen und Kkxiieren der Hybridomzellinie. die die gewiinschten monodonalen AntikOrper her- 
stellt 

5. Verfahren nach Anspruch 4, wobei in Schritt (a) die Mause mrt in E. cdi exprimiertem Protein A-IFN-p2 immuniaert 
werden und di Hybridomuberstflnd aus Schritt (c) mit in CH0-2ellen exprimiertem IFN-p2 getestet werden. 

6. Hybridomzellinie CNCM 1^13 (Nr. 34-1). 
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7. Verlahren zum Erhatten eines monodonater AntikOrper, der in der Lage list sowohl spezifisch an naturliches 
menschiiches lntederon-p2 (IFN-p2) ais auch an rekombinanteSt menschliches, in Sdugerzelten exprimiertes IFN- 
pZ, zu binden und an rekonibinantes, menschiiches. in Bakterienzetlen eiqviniiertes IFN-p2. zu binden. wobei der 
monodonale AntikOrper in der Lage ist de biok>gische Aktivitat von menschtichem IFN-p2 zu inhtoieren. wenn er 
an dieses gebunden ist und er in der Lage ist durch Bution mit 50 mM Zitronensdur an ihnen gebundenes IFN- 
flZ freizusetzen. wdches umfiaBt: 

(a) das tmmunisieren von Mdusen mit menschlichem \ff4-p2 Oder mit einem menschiiches IFN-p2 umfassen- 
den Fusionsprotein. wobei cfie Quelle des IFN-p2 Oder des Fusionsproteins eine der Quellen ausgewdhit aus 
der Gruppe bestehend aus natOrlichem Protein, rekombinantem, in Bakterienzellen hergestetKem Protein und 
rekombinantem in Sdugerzeilen hergestelltem Protein, ist 

(b) das Fusionieren der Milzzellen der Maus mit von Mdusen oder Ratten abstammenden Myelomzellen in der 
Gegenwart eines geeigneten Fusionspromoters; 

(c) das Testen des Uberstandes der kuttivierten fusionienen Zellen auf die Anwesenhert der gewunschten 
monodonalen AntikOrper nrwt menschlichem IFN-P2 aus einer anderen QueJIe aJs der Quelle des IFN-p2, wel- 
ches oben in Schritt (a) benutzt wurde: urxj 

(d) das Auswdhlen und Klonieren der Hybridomzellinte. cfie die gewunschten monodonalen AntikOrper herstelit 
und entweder (0 Kultrvieren der ausgewdhlten Hybridonueitinie in einem geeigneten V^chstumsmedium und 
Wiedergewinnen der gewunschten monodonalen AntikOrper aus dem Uberstand, Oder (iO Injizieren der aus- 
gewahlten Hybridomzellinie in M&jse und Wiedergewinnen der gewunschten monodonalen AntikOrper aus 
der Bauchwasserfiasstgkeitder Mdusa 

8. Verlahren nach Anspruch 7. wobei der AntikOrper der Klasse IgGI angehOrt. 

9. Verfahren nach Anspruch 7, wobei in Schritt (a) die Mduse imnuirsiert werden mit rekombinantem, menschlichem. 
in Bakterienzellen exprimiertem IFN-p2 oder mit einem retaxnbinanten Fusionsprotein. einschlieBIich menschli- 
chem, in Bakterienzellen exprimiertem IFN-p2 und die HybridomOberstande aus Schritt (c) mit rekombinantem. 
menschlichem. in Sdugerzeilen exprimiertem \FH-f2 getestet werden. 

1 0. Verfahren nach Anspruch 7, wobei in Schritt (a) die Mftuse mit in E. cofi exprimiertem Protein A-IRM-p2 immunisiert 
werden und die HybridomCberstande aus Schritt (c) mtt in CHO-Zelten exprimiertem IFN-^ getestet werden. 

11. Verlahren zum Hasteflen von anti-IFN-p2 nrxinodonalen AntikOrpem. welches das Kultivieren von Hytsridom 
CNCM 1-813 in einem geeigneten Wachstumsmedium und das Wiedergewinnen der nrxanodonalen AntikOrper aus 
dem Uberstand des Hybridoms umfaBt 

12. Monoclonaier AntikOrper exprimiertjar durch de Hybridomzellinie CNCM 1-813 (HB2 34-1). 

13. Verlahren zum Herstellen von anti-IFN-p2 monodonalen AntikOrpern, welches das Injizieren von Hytyidom CNCM 
1-813 in eine Maus uid das Wiedergewinnen der monodonalen ArrtikOrper aus der BauchwasserfiOssigkeit der 
Maus unrrfal^t 

1 4. Verfahren zum Immunreinigen von menschlichem biologisch aktivem IFN-p2. umfassend das Leiten einer mensch- 
iiches IFN-P2 enthahenden Probe durch eine imnrunabsorbiererx^e Sdule. die einen monodonalen AntikOrper nach 
Anspruch 1 umfa6l der an einen Festtrager geburxien ist 

das Waschen der Sdule und 

das Eluieren des IFN-p2 von der Saule. 

Revendtcatlons 

Revendlcatlons pour les Etats contractants sulvants : AT, BE, CH, U, DE^ FR, GB, GR, IT, LU, NL, BE 

1 . Anticorps monoclonal capable de se tier specif iquement a rinterf6ron-p2 humain naturel (IFN-p2) atnsi qu a IFN-p2 
humain recombin6 exprime par des cellules de mammrf^es et lFN-p2 humain recombin^ exprim6 par des cellules 
bacteriennes. capable dlnhik)er Tacdvit^ biologique de IFN-|32 humain lorsqu'il y est Ii6 et capable de lib^rer IFN- 
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^ qui lid est 116 lors d'une dution avec de Tacide dtrique 50 mM. 
2. Antioorps rTX)nodonal selon la re^endication 1 . de la dasse IgGi . 

5 3. Antioorps monoclonal seton (a revendcation 1 . qui est produit par une celliie hybiidome obtenue par fusion de cel- 
lules de mydlonie avec des cellules de rate en provenance d'une souris prealablement immunise avec IFN-^ 
humain recomt3in^ exprimd par des cellules bact^riennes ou avec une prot^ne de fusion recombin^e contenant 
IFN-P2 humatn exprim^ par des cellules bact^riennes. ladite cellule hytiridonie ^tant s^ectionnee pour la produc- 
tion d'un antioorps monoclonal qui se lie k IFN-p2 humain recombtnd exprimd par des cellules de mammif ^e& 

10 

4. Anlicorps monoclonal seton la reverxjication 3. dans lequel les cellules de m/^ome sont des cellules de my^lome 
de souris et les cellules de rate proviennent d une souris immunis^e avec une prot^ine de fusion recorTt)in^ con- 
tenant IFN-^ humain. 

IS 5. Anticorps monoclonal selon la revendication 4, dans lequel la prot^ne de fusion est la Prot^ine A-IFN-pa. 

6. AiTticorps monoclonal pouvant toe exprim^ par la lign^e de cellides hyt»idomes CNCM 1-613 (HB2 34-1). 

7. Lign^e de cellules hybridomes capable d*exprimer un antioorps morxxlonal selon la revendication 1 . 

20 

8. Lign^e de cellules hybridomes selon la revendication 7. obtenue par fusion de cellules de my^ome avec des cel- 
lules de rate en provenance d'une souris pr^alablement immunise par tFN-p2 humain reoombin6 exprim^ par des 
cellules bact6riennes ou par une prot^tne de fusion recombinde contenant IFN-P2 humain e^rimd par des cellules 
bact^riennes. ladite cellule hybridome ^nt sdecttonnee pour la production d'un antioorps monoclonal qui se lie d 

25 IFN-P2 humain recombine exprimd par des cellules de mammifdres. 

9. Lign^e de cellules hybridomes selon la revendication 8. obtenue par fusion de cellules de my^lome de souris avec 
des cellules de rate en prover^ance d'une souris pr^lablement immuntsde par une prot^ine de fusion recombin^ 
contenant IFN-p2 humain. 

30 

10. Lign^e de cellules hybridomes selon la revendication 9. daris laquelle la prot^ine de fusion est la prot^ne A-IFN- 

P2. 

11. Uignee de cellules hybridomes CNCM 1-813 (n° 34-1). 

35 

12. ProcM6 pour obtenir un anticorps morx)cionai selon la rwervlication 1 . c^i comprerxi tes Stapes suivames : 

(a) immuniser des souris avec IFN-p2 humain ou avec une prot^ine de fusion contenant IFN-p2 humain. la 
source dudit IFN-p2 ou de ladite prot^ine de fusion etant Tune des sources s^ectionn^es dans le groupe com- 

40 prenant une protdne naturelle, une prot^ine recombin^ produite dans des cellules bact^riennes et une pro- 

t^ine recombinee produite dans des cellules de mammif^es : 

(b) fusionner les ceflules de rate en provenance de tadite souris avec des cellules de my^ome de souris en la 
presence d'un promoteur de fusion approprid ; 

(c) tester le surnageant des cellules fusionn^s cultiv^ en ce qui conceme la pr^ence des antioorps nrrono- 
45 donaux recherche avec un IFN-P2 humain provenarrt d'une desdites sources diff^rente de ceile de riFN-p2 

utilise dans r^tape (a) d-dessus, et 

(d) s^ectionner et doner ta lign^ de cellules hybridomes produisant les anticorps monodonaux recherchds ; 
et sort (0 cuttiver la lign^ de cellules hytxidomes sdectionn^ dans un ntiieu de croissance approprid et rtoj- 
pdrer les anticorps monodonaux d^ires du sumageant. soit (ii) injecter la lign^ de cellules hybridomes 

50 s^ectionnee dans des souris et recuperer les anticorps monodonaux recherches du f luide asdttque des sou- 

ris. 

IX Proc^6 sefcyi ta ra/endicaton 12. dans lequel. dans I'dtape (a), les souris som immunisdes avec {FN-p2 humain 
recombind exprimd par des cellules bact^ennes ou avec une protdine de fusion recombin^ contenant lFN-p2 
55 humain exprime par des cellules bacteriennes. et les surnagearrts des hybridomes de I'^ape (c) sont testes avec 
IFN-P2 humatn reoombind exprime par des cellules de manrtmif^es. 

14. Proc^d selon la revendication 12, dans lequel. darts Tdtape (a), les souris sont immunise avec la Proline A- 
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IFN-P2 exphmee par £ co// et les surnageants des hybrid mes d r^tape (c) 8om test^ avec IFN*^2 exprim^ par 
des cellules CHO. 

15. Proc^6 pour produire des anticorps monodonaux anti-IFN-p2. qui comprend les ^^es siivantes : cuttiver les 
hybridomes CNCM 1-813 dans un milieu de cr6ssance appropri^ et reop^rer les anticorps monodonaux du sur- 
nageant desdits hybridomes. 

16. Proc^^ pour produire des anticorps monodonaux anti-IFN-^. qui comprend les 6tapes suivantes : injecter des 
hytxidomes CNCM 1-813 dans une souris et r^uperer les anticorps monodonaux du ftuide asdtique de tadrte sou* 
ris. 

17. Proced^ pour obtenir une lignee de cellules hybridomes seton la revendication 7. comprenant les Stapes suivantes 



(a) immuniser des souris avec IFN-p2 humain ou avec une protdine de fusion contenant IFN-p2 humain, la 
source dudit IFN-p2 ou de ladlte prot^ne de fusion etant I'une des sources selectionnees dans le groupe com- 
prenant : une procaine naturelte, une prot^ine reoomlain^ produite dans des cellules bact^riennes et une pro- 
teins recombinee produite dans les cellules de mammif §res : 

(b) fusionner les cellutes de rate en provenance desdtes souris avec des cellules de myelome de souris en la 
presence d'un promoteur de fusion appropri^ : 

(c) tester te surnageant des cellules fusionn^ cuttiv^ en ce qui conceme la pr^ence des anticorps mono- 
donaux recherche avec IFN-P2 humain en provenance de Tune desdttes sources diff^rente de celle de HFN- 
P2 utilise dans r^tape (a) ci-dessus ; et 

(d) selectionner et doner la lignee de cellules hybridomes produisant les anticorps monodonaux 

18. Proc^e selon la revendication 17. dans lequel, dans r^tape (a), les souris sont immunise avec la Prot^ne A- 
IFN-P2 exprimee par Ecoliet les surnageants des hybridomes de I'^tape (c) sont test^ avec IFN-p2 exprim^ par 
des cellules CHO. 

19. Proc^e pour Hmmunopurification d*IFN-p2 humain biologiquement actif. comprenant les ^apes suivantes : faire 
passer un ^harrtillon conteront IFN-p2 humain k travers une cdorme d'irrvnunoadsorption contenant un anticorps 
monoclonal seion la revendication 1 , Ii6 d un support de phase solide, taver la cdonne et ^uer IFN-p2 de la 
colonna 

Revendlcatlons pour TEtat corrtractant suivant : ES 

1. Precede pour produire une ign^e de cellules hytxidomes capables de produire un anticorps monodonal, lequel 
anticorps monoclonaJ est capable de se lier sp^iquement k nnterf^on-p2 (IFN-p2) humain natural ainsi qu*^ 
IFN-P2 humain recombtne exprime par des cellules de mammif^res et avec 1FN-P2 hioiiain recombine exprim6 par 
des cellules bacteriennes, capable d'inhiber Tactivit^ bidogique de IFN-P2 humain lorsqull y est ii^ et capable de 
liberer IFN-p2 qui lui est lie par ^lution avec de t'adde dtrique 50 mM. dans lequel des cellules de myelome sont 
fusionn^es avec des cellules de rate en provenarKe d'une souris prealablement immunisee avec IFN-p2 humain 
recombine exprime par des cellules bacteriennes ou avec une proteine de fusion recombinee contenant IFN-p2 
humain exprime par des ceiiUes bacteriennes. et une lignee de cellules hybridomes est seiectionnee pour ta pro- 
duction d'un anticorps monodonal qui se lie k IFN-p2 humain recorrtsine exprime par des cellules de mammiferes. 

2. Precede selon ta reverKiication 1 . dans lequel les cellules de myeiome sont des cellules de myeiome de souris et 
les cellules de rate proviennent d'une souris immunisee avec une proteine de fusion recombinee contenant IFN-P2 
humain. 

3. Precede selon ia revendicatxsn 2, dans lequel ta proteine de fusion est la Proteine A-IFN-P2. 

4. Precede selon la revendication 1 , comprenant les etapes suivantes : 

(a) immuniser des souris avec iFN-p2 humain ou avec une proteine de fusion contenant lFN*p2 humain. la 
source dudit 1FI^-P2eudetacfte protein de fusion etant Tun des sources selectionnees dans 1 groupe com- 
prenant une proteine naturelle. une proteine recont3inee produite dans des cellules bacteriennes et une pro- 
teine recombinee produite dans des cellules de mammiferes : 
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(b) fi6k)merlesceflulesd6rme en provenance descfitessou^ my^med eourisenia 
presence d'unpromoteur de fusion approprid ; 

(c) tester le supemageant des cellules fusionn6es cuttiv6es en ce qui conceme la presence des anticorps 
nrxxiodonaux recherchfe avec IFN-ga humain provenant d'une descfites sources drff6rente de celle de riFN- 
e2 utilise dans r^tape (a) d^essus ; et 

(d) s^lectionner et doner la lignde de ceUules hytsridomes produisant fes anticorps monodonaux recherchds. 

5. Proc6d6 selon la revendication 4, dans lequ^, dans Tdtape (a), les souhs sont immunis6es avec ta Prot6ine A-IFN- 
P2 e)^rim6e par £ coli et les sumageants d^hybridomes de r^tape (c) sont testes avec IFN-p2 exprime par des 
ceiyes CHO. 

6. Lignee de cellules hybridomes CNCM 1-613 {rf 34-1 ). 

7. Proc6d6 pour obtenir un anticorps monodonal capable de se Her sp6cif iquement ^ rinterf6ron-p2 (IFN-p2) humain 
nature! ainsi qu'd IFN-P2 humain recombine exprimd par des ceQules de mammrf^es et avec IFN-p2 humain 
recombind exprimd par des cellules bac^riennes. capable dinhlber Tactivitd bidogique de IFN-p2 humain lorsqu'il 
y est li^. et capable de Ii36rer IFN-p2 qui lui est 116 par ^hition avec 50 mM d*acide dtrique. le proc^d corr^enant 
les stapes sutvantes : 

(a) immuniser des souris avec IFN-f52 humain ou avec une prot^ine de fusion contenant IFN-p2 humain. la 
source dudit IFN*p2 ou de lacfite prot^e de fusion 6tant rune des sources s^edionn^es dans le groupe com- 
prenant : une prot6ine naturelie. une prot6ine reoombin^ produite dans des cellules bact6riennes et une pro- 
t^lne recombin^e produite dans des cellules de mammif^es ; 

(b) fusionner les ceades de rate en provenance descfites souris avec des cellules de my6lome de souris en la 
presence d un promoteur de fusion approprid ; 

(c) tester le surnageant des cellules fusionn6es cultivto en ce qui conceme la presence des anticorps mono- 
donaux recherch6s avec un IFN-p2 humain provenant d'une desdites sources diff6rente de cette de riFN-p2 
utilise dans r^tape (a) d-dessus ; et 

(d) s6lectionner et doner la fign^e de cellules hybridomes produisant les anticorps monodonaux d6sir§s et soit 
(i) cultiver la lign^ de cellules hybridomes s6lectionn6e dans un miliai de croissance appropri6 et r6cup6rer 
les anticorps monodonaux recherch6s du surnageant soit (ii) injecter la lign^ de cellules hybridomes s6lec- 
tionn^ dans des souris et r6cup6rer les anticorps monodorraux d^rte du fluids asdtique desdites souris. 

8. Proc6d6 selon la reverxlication 7, dans lequel Tanticorps est de la dasse IgGl. 

9. Proc6d6 selon la revendication 7. dans lequel. dans r§tape (a), les souris sont immunis6es avec IFN-p2 humain 
recombin^ exprime par des cellules bact^ennes. ou avec une prot^ne de fusion recombin6e contenant IFN-p2 
humain exprimd par des cellufes bact^riennes, et les surnageants dtiybridomes de r6tape (c) sont testes avec IFN- 
|J2 humain recombin6 exprim6 par des cellules de mammif^res. 

1 0. Proc6d6 seion la revendication 7, dans lequd. dans r^tape (a), les souris sent immurasees avec la Prot6ine A-IFN- 
32 exprim6e par £ coti et les sumageants dtiybridomes de r6tape (c) sont test^ avec IFN-e2 exprim6 par des 
cellules CHO. 

1 1 - Proc6d6 pour produire des anticorps monodonaux anti-IFN-p2. qui comprend les ^es suivantes : cultiver I'hybri- 
dome CNCM 1-813 dans un milieu de croissance approprie et recup6rer les anticorps monodonaux du surnageant 
dudit hybridome. 

12. Anticorps monodonal pouvant §tre exprim6 par ta lignee de cellules hybridomes CNCM 1-813 (HB2 34-1). 

13- Proc6d6 pour produire des anticorps monodonaux anti-IFN-p2. qui conrprend les etapes suivantes : injeder 
rhybridome CNCM 1-813 dans une souris et r6cup6rer les anticorps monodonaux du fluide ascitique de ladte sou- 
ris. 

14. Proced6 pour llmmunopurif cation dMFN-p2 humain bidogiquement actif comprenant les etapes suivantes : faire 
passer un 6chantillon contenant IFN-p2 humain k travers une colonn dlmmunoadsorption contenant un anticorps 
monoclonal prodiit selon la revendication 7 lie ^ un sipport de phase soWe, laver ta coionne et 6iuer !FN-p2 de la 
colonne. 
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•2 22 49 ?2 63 

• • . • - mot • • • • 

G CAC rzz rcr c?c iC3 rrr *rT z:z czc tzz Acc CCA zzz jo* acc *** .'ac *ag :tc 

73 60 -av : :a i;« 

• • • • Mmm*. - • 

r*T CTC CCC TCC A6C ACC CCA CC7 aTQ A*C TCC TTC tcC AC* *nc fiCC T"TC CCr CCA CTT 

•#l A»B Jrr 5tf i'»r 5«p tis Sir ^'ro .«i 

» :C 

130 i4t 150 16a *:3 i«9 

• • • • • « 
CCC TTC TCC CTC .tCC CTC CTC -CTC CTK TTC CCT SCT GCC TTC JC^ -;CC ZCi jr* ::CC CCA 
AlA P**« 5#r Ltb Si¥ Crw Lr« Crw v«l L*w Pre ak aio p^* Sfb ai« 0re V4i 0re »re 

190 2(|t 2T« 220 230 2^9 

• • • . • • « 
CCA CAA CAT TCC AAA CAT CTA 5CC CCC CCA CAC ACA CA6 CCA CTC ACC TCT TCA CAA CCA 
Sly Clw Aftp S«r Ly* Aftp V«i Alj Al« Pra Nik Arg Gin Pro Ctv Tiir S«r 5«r Clu Art 

AO SO 

250 200 270 200 2?0 309 

• • • • • • 

ATT CAC AAA CAA ATT CCC lAC ATC CTC CAC CCC AFC TCA CCC CTC A6A aaG GAG ACA TCT 
Il« A4P .LfS ClA Il« Art A*P (•ly ^•v S»r Al« L*u Ari Ly» Clu Thr Cr» 

60 70 

310 320 330 3A0 3$0 369 

• • • • • • 

AAC AAG ACT AAC ATC TCT CAA ACC ACC AAA GAG CCA CTC CCA CAA AAC AAC CTC AAC CTT 

Ain Ly« Sor aaa mmt Cy% Clu Smr S«r LyS Clw Al« l«u a1« Gly Atn A»a L««t Atn ttu 

00 90 

370 300 390 400 A 10 420 

• • • « « • 

CCA AAQ ATC GCT CAA AAA CAT CCA TCC TTC CAA TCT CCA TTC AAT GAG SAG ACT TCC CTC 

Cro Lyft l««t At« Glu Lyft Aftp Gly Cyft P»t« Gin 3«r Cly »**w A«a SIm CIu Thr Cf% Leu 

IQO no 

430 440 450 400 470 460 

• « • • • • 

CTC AAA ATC ATC ACT GCT CTT TTC CAC T7T GAG CTA TAC CTA GAG TAC CTC CA6 AAC ACA 

V«i Ly» XI* lit Thr Cly L«w L«w Glu Glu V«l Tyr L«u Clu Tyr L«w Sin Aftn Ar( 

^20 130 

490 SOO 510 520 S30 549 

• • • • • • 

TTT CAC ACT ACT GAG GAA CAA CCC ACA GCT CTC CA6 ATC ACT ACA AAA CTC CTC ATC CAG 

PHe Glu ^mr CXu 51^ Ai« Arc *1« V«i Gin ii«t S«r THr Lyft V«l l*u Il« Gin 

140 'ISO 

550 560 570 SOO 590 600 

• • -Kbpl* - • • 

TTC CTC CAC AAA AAG CCA AAG AAT CTA GAT 6CA ATA ACC ACC CCT GAC CCA ACC ACA aaT 

PH« L«w Gin Lyft Cy» Al« LyC A«n L*w Asp Al« tl« Thr Thr Pro Aftp Pro Thr Thr A«n 

160 170 

610 620 630 640 6S0 660 

• * * • • • 

GCC ACC CTC CTC ACC AAG CTG CAC CCA CAO AAC CAC TGG CTC CAG CAC ATC ACA ACT CAT 

Al« S«r U«w L«u Thr Ly« L«w Gin Al« Gin Aon Gin Trp C*« Gin A»p M«t Thr Thr Mis 

100 190 

670 600 690 700 710 720 

• • ♦ • • • 

CTC ATT CTC CGC A6C TTT AAC GAG TTC CTG CAC TCC AGC CTG AOG CC1 CTT CGG CAA ATC 

Lew Il« L«w Art 5«r Phv Ly* Glw Pho tow Gin Sor S«r L«w Arc Cln Met 

200 219 

730 740 750. 760 770 '00 

• • • • « • 
TAG CAT CGC CAC CTC AGA TTC TTC TtC TTA AT6 GGC AIT CCT TCT 1CT GCT CAC AAA CCT 

790 500 010 020 030 640 

• • • • • • 
CTC CAC TOG GCA CAG AAC TIA TCT TCT TCT CTA TGG ACA ACT AAA ACT ATC ACC CTT AGG 

eSO 660 670 000 090 900 

« • • •Ah«3 • • 

ACA CTA TTT TAA TTA TTT TTA ATT TAT TAA TAT TTA A*T AT6 T6A AOC TGA 6TT AAT TTA 

910 920 930 940 9S0 960 

• • « • • • 
TCT AAG TCA TAT TTT ATA TTT TTA AGA ACT ACC ACT TCA AAC ATI TTA TGT ATT ACT TTT 

970 960 990 1000 tOlO 1029 

• • • • • • 
CAA ATA ATA ATC CAA ACT CCC TaT CCA 6TT TGA AlA TCC TTT CTT tCA GAG CCA CAT CAT 

1030 1040 10S0 1060 107P 1060 

; • • . • -Afk«3 • 

TTC TTC CAA ACT CTA CCC TTA CCT CAA ATA AAT GCC TAA CTT TAT ACA TAT TTT TAA AGA 

1890 nOO 1110 1170 1130 1140 

AAT ATT TAT ATT C?A TTT ATA TAA TRT ATA AAf CCT TTT TAT ACC AAT *AA TCC CAf 1TTAAA 
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CONSTRUCTiON OF EXPRESSION VECTOR 
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CONSTRUCTION OF PLASM 10 
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I Synthetic oligonucleotide 
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BREAST CARCINOMA CELLS T47D COLONY FORMATION 
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DIFFERgyriATTON OF MVELOtEUKMC CELLS IMXXSP IF^f-g2/IL-6 
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EFFECT OF rIFN-B2/IL-6 ON HEMATOPOBTTIC PROGENITORS 
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